A total of 64 Escherichia coli strains of the 01 serogroup were tested for the migration pattern of their lipopolysaccharides (LPS) on sodium dodecyl sulfate-polyacrylamide gel electrophoresis. 01:K1 and 01:K51 strains of the OMP5 outer membrane protein pattern possessed LPS with a doublet pattern (OlA1) or the lowermost band of the OlAl doublet (01A2). 01:K1 strains of the OMP9 pattern possessed LPS referred to as 01A, which corresponded to the uppermost band of the OlAl doublet pattern. A few 01:K? strains possessed LPS of different migration patterns (O1B and 01C). 01A and OlAl LPS were indistinguishable by chemical techniques, and both reacted with each of 10 different monoclonal antibodies tested. However, OlAl had an additional epitope within the additional band in each doublet, as demonstrated by adsorption experiments with hyperimmune rabbit sera followed by Western blotting. Furthermore, purified polysaccharide from 01A bacteria was incapable of inhibition in enzyme-linked immunosorbent assays performed with OlAl LPS as antigen and adsorbed, specific anti-OlAl antibodies, whereas OlAl polysaccharide inhibited this reaction. 01B and 01C LPS differed in all respects tested, including chemical composition, from 01A and OlAl LPS.
The Escherichia coli lipopolysaccharide (LPS) antigens 01 through 025 were first defined by Kauffmann (6) in 1944 and were chosen as representing the most common 0 antigens found among E. coli disease isolates (15) . By 1945, 01 strains of the serotypes O1:Kl:H7, 01:K1:H-, and O1:K51:H-had been isolated, and the existence of an additional antigenic epitope among Ol:K1 strains had been noted (15) . Recently, the existence of five serological factors within the 01 serogroup (Ola through Ole) has been proposed based on agglutination tests with adsorbed hyperimmune rabbit sera (14) .
Most 01:K1 strains belong to one of two distinct clonal groups as shown independently with different strain collections in two reports (1, 10) . The two groups are very distinctive: they differ in their outer membrane protein (OMP) pattern on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), as well as differing in biotype, plasmid content (1), and fimbriation (10) . LPS from one clonal group contained the serological factors Olabc, while LPS from the other contained the factors Olabcd (10) . In a separate study (8) , LPS from the two groups could be distinguished because one group yielded a series of single bands on SDS-PAGE, whereas the second yielded a series of doublet bands. In this manuscript, the bacteria from the two strain collections are compared and the serological and chemical differences between different 01 LPS species are analyzed. 
MATERIALS AND METHODS
Most of the techniques used were identical to those described in reference 12.
Bacterial strains. Bacterial strains from the Berlin strain collection which have been described previously (1, 8) are referred to by the sequential numbers used in reference 1. The strains described in reference 10 were obtained from W. Nimmich and are referred to by the "R" strain numbers listed there. The reference 0 antigen strains were obtained from F. and I. 0rskov; their sources are cited in reference 11.
Sera. Rabbit serum S813 was obtained after immunization with strain 41 (OlA LPS), and serum 815 was obtained after immunization with strain 9 (OlAl LPS). Monoclonal antibodies. One BALB/c mouse was immunized on days 1 and 25 with 106 live bacteria (strain 41) intraperitoneally, and two mice were immunized on the same schedule but subcutaneously with extracted membranes (see below) of this strain. One LOU rat was immunized on days 1, 19, and 162 subcutaneously with (unextracted) cell membranes of strain 9. Immunizations with membrane preparations were performed with Freund incomplete adjuvant. The membrane preparations used for the two mice were extracted with 1.3% n-octyl-p-glucoside or 3.3% (wt/vol) de Electron microscopy. After an overnight culture of bacteria was centrifuged, the pellet was suspended in 0.5 volume of antibodies (40 ,ug/ml) in phosphate-buffered saline-gelatin (PBSG; gelatin at 0.1%, wt/vol). The suspension was incubated for 30 min at 20°C with shaking, and the bacteria were washed three times by centrifugation and suspended in 0.5 volume of protein A-colloidal gold (10-nm-diameter gold particles; Janssen Pharmaceutica, Beerse, Belgium; diluted 10-fold in PBSG). The suspension was incubated for 30 min, washed four times with PBSG and once with TBT (0.1 M Tris, 0.1 M NaCl, 10 mM MgCl2, pH 7.5), and negatively stained with 1% uranyl acetate. The preparations were evaluated with a Philips EM301 electron microscope at magnifications of 91,000 to 150,000.
Isolation of LPS and polysaccharide. Bacteria (10 g [dry weight]) were extracted with 45% (wt/vol) aqueous phenol (350 ml) at 65°C for 10 min. After dialysis against deionized water, the LPS was obtained from the aqueous phase by repeated centrifugations at 105,000 x g. The final pellet was dissolved in water and lyophilized (16) .
Polysaccharide was obtained by degradation of the LPS (100 mg) in 1% (vol/vol) acetic acid (10 ml) at 100°C for 90 min. Lipid A, which precipitated, was removed by centrifugation, the supernatant was freeze-dried, and the material obtained was fractionated on Sephadex G-50 as described previously (5).
Electrophoretic techniques. SDS-PAGE and Western blotting were performed as described previously (12) . Monoclonal antibodies bound to the nitrocellulose membrane were detected with alkaline phosphatase-conjugated rabbit antimouse or anti-rat IgG (Byk-Mallinckrodt, Dietzenbach, West Germany) diluted 1:1,000 in PBS containing 1% bovine serum albumin.
Analytical methods. 1H nuclear magnetic resonance (NMR) and 13C NMR spectroscopy were performed with a Bruker WM300 spectrometer in the Fourier-transform mode. Spectra were run at 70°C with sodium trimethylsilyl- (9) .
In contrast to the OMP6 and OMP9 strains, 16 representative O1:K1/OMP5 strains were shown (8) to possess LPS consisting of a series of double bands with a specific migration pattern on SDS-PAGE referred to here as OlAl. The uppermost of each of the LPS bands comigrated with the corresponding single band of O1A LPS.
After completing the work described below, we learned of data (10) indicating the existence of two serological groups of 01:K1 strains, with the 0 antigenic designations Olabc and Olabcd and the fimbrial serotypes Fll and F9, respectively. The biotypes of these two groups corresponded to those of the OMP6/9 and OMP5 strains, respectively. These strains were obtained from Dr. Nimmich Fig. 1 . NMR spectroscopy of 01 polysaccharides. The polysaccharide moieties from representative 01A, OlAl, 01B, and 01C strains were purified and subjected to 1H-and 13C-NMR spectroscopy. No differences were found between the 01A and OlAl polysaccharides, but these differed from the 01B and 01C polysaccharides (Fig. 2) . The signals at 176/175 ppm and 23.5/22.9 ppm in the '3C spectra indicate the presence of two distinct acetamide groups in all of these polysaccharides. This conclusion was corroborated by two signals at about 55.6 and 53.9 ppm found in all these spectra, which are characteristic of carbon atoms substituted with an acetamido group. Thus, two acetamidohexoses are present in these four polysaccharides. The signal at about 17.6 ppm shows the presence of 6-deoxyhexoses in all of these samples. This signal was more intense in the spectra of the 01A and OlAl polysaccharides than in the spectra of the 01B and 01C polysaccharides. The anomeric regions of the spectra from O1B and 01C contained five, signals and those of the spectra from 01A and OlAl contained four signals.
However, in the latter two spectra, two anomeric signals coincided at 102.85 ppm. Thus, all these polysaccharides have pentasaccharide repeating units. The different signals produced by these anomeric carbon atoms indicate that the linkages within the 01A/OlA1, 01B, and 01C polysaccharides must be different. This conclusion is also borne out by differences in signals between 60 and 85 ppm. Due to the different signal intensities, especially that due to the methyl group of 6-deoxyhexoses, differences in sugar composition were also predicted.
The most informative signals exhibited by the 1H-NMR Table 4 . The specificity of the antibodies was tested by ELISA with purified LPS as the solid-phase coating antigen and by immunogold electron microscopy. All of the monoclonal antibodies reacted with 01A and OlAl but not with O1B or 01C LPS or bacteria.
Polyvalent sera. Rabbit hyperimmune sera were obtained after intravenous immunization with boiled bacteria possessing 01A LPS (serum S813) or OlAl LPS (serum S815). The sera were tested by agglutination tests against 01 bacteria and bacteria of other serogroups reported (11) to cross-react with 01 bacteria (Table 5 ). The two sera yielded comparable results in all these tests except against the 0148 strain, which reacted more strongly with S813 than with S815. The results indicate that S813 and S815 cross-react strongly only with the 0117 and 0148 reference strains. The two sera were then tested again by agglutination tests against 01A, OlAl, O1B, o1C, 0117, and 0148 bacteria before and after adsorption with 01A, OlAl, 01B, or 01C bacteria (Fig. 3) .
Adsorption of S813 with either 01A or OlAl bacteria removed all agglutinating antibodies, whereas adsorption with either O1B or 01C bacteria removed only antibodies against these bacteria. In contrast, whereas adsorption of the anti-OlAl serum (S815) with OlAl bacteria also removed all agglutinating antibodies, adsorption with 01A bacteria resulted in a preparation which only reacted with OlAl bacteria. Adsorption with O1B or 01C bacteria again removed only antibodies against these strains. Western blotting experiments. Phenol-water-purified LPS was separated by SDS-PAGE and transferred electrophoretically to nitrocellulose sheets. The same adsorbed sera tested by agglutination in Fig. 3 were then tested by Western blotting with these preparations. Representative results are shown in Fig. 4 . Both S813 and S815 reacted with all the LPS bands revealed by silver nitrate staining of SDS-PAGE gels except for the lowermost band, assigned to lipid A core. The lipid A core band does react with anticore antibodies (12) , and it is therefore concluded that these two sera are predominantly specific for oligosaccharide. Furthermore, these results indicate that both bands within each doublet in the OlAl pattern reacted with anti-OlA antibodies, although only the upper band was found in the immunogen. All the monoclonal antibodies reacted with 01A and OlAl LPS (both bands of the doublet), but not with 01B or 01C LPS (Fig. 4C) . After adsorption of the rabbit hyperimmune sera, the results were as predicted from the agglutination tests: binding was detected in all cases that agglutination was detected, and only in those cases. Interestingly, the antiOlAl serum adsorbed with 01A bacteria reacted only with the lower band of each OlAl doublet, not with the upper band (Fig. 4D) A hyperimmune rabbit serum raised against an O1A bacterium showed almost the same specificity in crossreactions as did a serum raised against an OlAl bacterium. However, the anti-OlAl serum cross-reacted less strongly with 0148 bacteria than did the anti-OlA serum. More important, it was possible to obtain a preparation which reacted with OlAl bacteria but not with O1A, O1B, or O1C bacteria by adsorbing the anti-OlAl serum with O1A bacteria (Fig. 3) . This preparation only recognized the lower band of each OlAl doublet in Western blotting experiments (Fig.  4) 
